In accordance with their relictual character, the tenebrionid communities of the Aegean Islands appear scarcely affected by present geographic characteristics. Three measures of rarity at community level were calculated: geographic distribution, habitat exploitation, and population size. Islands with greater habitat diversity and size are those with higher values of distributional rarity. Island shape appears to be correlated with habitat exploitation and population size rarities: the communities with highest proportions of ecologically specialized and scarce species are associated with islands with lower perimeter/area ratios (which possibly lack extensive 'inner' habitats, like forests), while an elongate island shape exerts a positive influence on the incidence of species with small populations (possibly because of an increasing habitat diversity in elongate areas which may support K-selected species). On the whole, islands with a more elongated shape are those with the most vulnerable species. A paleogeographical and paleoecological model is proposed to explain present patterns of rarity. As a result of relaxation after saturation, remote small islands retained generally the most common (less vulnerable) species, rare species surviving mostly on the larger islands, although ecologically specialized species can be concentrated on some small islands, if these species are associated with peculiar but locally common habitats. The multidimensional representation of community rarity presented in this study provided important insights into our understanding of the biogeographic mechanisms which may be involved in biodiversity loss.
INTRODUCTION
An astonishing large fraction of documented extinctions have involved species living on islands (e.g. [1, 2] ). As a rule, island populations are more prone to extinction than mainland ones, with island endemics having higher extinction rates than non endemics do [3, 4] .
Islands are considered intrinsically more fragile than mainland areas (e.g. [5] [6] [7] ) as a consequence of higher demographic stochasticity, random climatic events, and anthropogenic disturbance, such as species introduction, habitat changes and overexploitation (e.g. [2, 8] ).
Although the study of the species-area relationship, developed in the framework of island biogeography, has been used successfully to predict extinction rates following habitat loss (e.g. [9, 10] ), the influence of other island characteristics on species extinction has received less attention. According to the equilibrium theory proposed by MacArhtur and Wilson [11] , larger islands harbour larger populations, which are less prone to extinction than the small populations living on smaller islands. As a consequence of reduced extinction rates, larger islands have more species. This model, however, applies only to equilibrial islands, where extinctions are balanced by immigrations [12] , and the mean number of species remains stable, although species composition changes through time. Thus this model deals with species substitu-*Address correspondence to this author at Via R.Ciasca, 78 I-00155, Roma, Italy; E-mail: simone_fattorini@virgilio.it tions, while biodiversity loss is determined by species extinction not compensated by species immigration. The study of the influence of island characteristics on the loss of biodiversity may give important insights into our understanding of why islands are so strongly subject to biodiversity decline, and may provide important information for conservation purposes. This research aimed to investigate if species extinctions can be related to island geography in order to study which physical factors may determine greater community fragility and hence higher risk of biodiversity decline in a relict fauna.
MATERIALS AND METHODS

Study Area and Data Sources
The Mediterranean Basin is an important biodiversity hotspot and its islands are of special conservation concern (e.g. [5, 13] ). The great majority of Mediterranean island faunal diversity is composed of invertebrates, yet, the knowledge of insect conservation in Mediterranean type ecosystems is at its beginning. For such reasons I attempted here an analysis focused on an insect group in the Aegean archipelago ( Fig. 1) , one of the most complex and important Mediterranean insular system (e.g. [13] [14] [15] [16] ).
Phrygana is the dominant vegetation type throughout the islands, while oak forest (which is considered the climax vegetation) and maquis habitats occur only in scattered patches on some of the largest islands. Although pre-Minoan Crete had significantly more woodland than it does today, remains of plants typical of phrygana and maquis are found in interstadials of the last glaciation [17] . I chose tenebrionids (Coleoptera Tenebrionidae) as a case study for several reasons. Tenebrionids are an important group in the structure and functioning of Mediterranean insular biotas [18] . The importance of the tenebrionid beetles of the Aegean Islands from a conservation standpoint is enhanced by their acknowledged importance in determining endemicity hotspots [15, 19, 20] . Lastly, the tenebrionid fauna of the Aegean Islands has been taxonomically and faunistically revised recently and distributional data can be considered fairly complete and accurate [21] [22] [23] [24] . In total, 32 islands were included in this study (Fig. 1, Appendix S1 ). On the Aegean Islands, several tenebrionid species are represented by different subspecies endemic to individual islands or groups of islands, suggesting that patterns of tenebrionid distribution and diversity in the archipelago are established over evolutionary time. These populations can thus be recognized as evolutionarily significant units and I have counted them as different taxa (cf. [21] [22] [23] [24] [25] for details about the treatment of subspecies).
As a whole, 162 taxa (130 species and 32 subspecies) were considered in this study. The term 'species' will be used in reference to tenebrionid taxa for simplicity. Taxonomic treatment and data concerning species distribution among islands are the same as in Fattorini [26, 27] . For temporal analyses, I referred to collection dates gathered by Fattorini [19, 26] , which ranged from 1870 to 2000. Raw data are provided in Appendix S2 and S3. 
Species Rarity and Vulnerability
I used three dimensions of species rarity as defined and calculated in a companion paper ( [25] see this paper for details about the rationale, applicability, and limitations of each of the following measures):
Geographic Distribution ( )
I estimated the geographic range of a species in the study area as the number of islands from which the species is known in proportion to the total number of islands. This index, termed after Dennis et al. [28] , allows for an estimation of species rarity on the basis of the geographic distribution within the study area.
Habitat Exploitation ( )
It is well known that larger areas tend to have a great variety of habitats and that habitat heterogeneity increases with area. Thus, the extent of the area occupied by a species may be considered a rough proxy for its ecological tolerance or, at least, a measure of its potential habitat exploitation. For each species, I calculated the maximum potential 'area of occupancy' as the sum of the areas of the individual islands inhabited within the archipelago. This value was then divided by the sum of the individual areas of all islands considered in the study, and this measure of potential habitat exploitation was considered an index of ecological tolerance.
Local Population Size (Density) ( )
Since no quantitative data were available, local population size was estimated by species 'contactability', because encounter rates are proportional to population density. To assess species contactability, I subdivided species records into decades, from 1870 to 2000. Species contactability was estimated as the proportion between the number of decades from which records of a given species were available and the total number of decades until extinction is assumed (last decade with records). A species was assumed as continuously present from 1870 to the last decade of occurrence, even if not recorded in certain decades within this range.
Vulnerability Index (v)
Species with smaller ranges, lower abundances and narrower ecological tolerances tend to experience higher levels of threat (e.g. [29] ). Thus, the different measures of rarity can be combined to obtain an index of vulnerability. Using , and measures of rarity, I calculated an index of species vulnerability (v) applying the method proposed by Kattan [30] . If species are dichotomized for each of these variables, an eight-celled model is created that reflects different types of rarity and commonness. Kattan [30] proposed assigning to each cell a number between 1 (species 'rare' in three dimensions) and 8 (species 'common' in three dimensions) to indicate susceptibility to extinction. For each dimension (measure) I dichotomized species into two groups (common and rare) according to whether they were above or below the median and then I assigned each species to a cell as proposed by Kattan. The median values were: 0.0313 for geographic distribution, 0.185 for habitat exploitation, and 0.279 for density. For each dimension, rare species were those below the median value [30] . Note that all these indices of rarity increase as species became less rare.
Community Rarity and Vulnerability
The aforementioned indices were used as species parameters to construct rarity indices at community level (see [26] ).
Distributional Rarity ( )
Each island was scored according to a rarity index ( ) as proposed by Dennis et al. [28] :
where i = n i /N, for i…j species, S, and n N islands.
This index is a measure of mean incidence of species on islands in the archipelago, with high values indicative of increasing mean rarity of an island's fauna and low values of ubiquity of species comprising an island's fauna.
Habitat Exploitation Rarity (E)
For each island, an index of habitat exploitation rarity was calculated as follows:
where i is the index of habitat exploitation discussed above and S is the species richness of an island. This index is a measure of mean habitat selectivity of species on islands in the archipelago, with high values indicative of increasing ecological specialization of an island's fauna. For simplicity, this index will be referred to as 'habitat rarity'.
Population Size Rarity ( )
For each island, an index of abundance was calculated as follows:
where i is the index of species contactability discussed above and S is the species richness of an island. Large values indicate concentration of species with small population size.
Vulnerability (K)
For each island, I calculated a relative index of vulnerability as follows:
where v i is the index of species vulnerability discussed above and K Max is the theoretical maximum (all species occurring on a given island with v = 8). High values indicate high vulnerability.
Effects of Island Physical Characteristics
To study possible relationships between the aforementioned indices and island characteristics, I used forward stepwise multiple regression analyses [31, 32] . I considered the following eco-geographic parameters currently used in island biogeography: area, elevation, island perimeter, distance to the mainland, and distance to the nearest island (Appendix S1). Elevation was considered a measure of habitat diversity [31] . All geographic variables were log 10 -transformed to improve normality and reduce heteroscedasticity. I also used some indices of shape widely applied in landscape ecology [33] : Perimeter-Area Ratio (PARA= P/A, where P= perimeter, and A= area), Corrected Perimeter-Area Ratio (CPA= (0.282 P)/ A), Related Circumscribing Circle (RCC= (2 (A/ ) 1/2 )/longest-axis), and Fractal Dimension (FD= 2logP/logA) (Appendix S1). Although FD and PARA deviate from normality, I did not apply transformations to do not mathematically change their primitive significance. I preferred to consider geographic and island shape variables as two separate sets, for both logical and statistical reasons. Some geographic parameters may be statistically tightly correlated to some shape measures, but have different meanings. Strict correlations among the two sets of variables could cause multicolinearity problems in applying stepwise multiple regressions and the importance of a variable of a set could be obscured by a variable of the other set which is tightly correlated but has a different ecological significance. Finally, spatial variables, which can incorporate the effects of otherwise ignored historical, biotic, or environmental variables, were considered. The third-degree polynomial of latitude and longitude (expressed as UTM coordinates in meters) were used as independent variables for a trend surface analysis [34] . The package SpaceMaker2 [35] was used to obtain the spatial descriptor terms required for the polynomial trend surface regression. Backward stepwise regressions (F to remove set at 4, intercept set at zero) with the nine terms of the third-degree polynomial as predictor variables and each index of rarity as dependent variable were carried out to remove the non-significant (p>0.05) spatial terms [36] ). Forward stepwise multiple regressions have been used for ranking the geographic and shape variables, as well as the spatial terms which were retained from the backward procedure, according to their importance to determine , E, , and V indices following the statistical procedures described in Fattorini [23] . Statistical analyses were performed with the Statistica v.6.0 package [37] . For each index, a rarity landscape was constructed using bi-and threedimensional mesh plots of index values (vertical axis) against geographic coordinates (expressed in decimal degrees) using the utilities of SigmaPlot v.10.0 [38] . Note that because of the uneven distribution of islands in the geographic space, interpolation in some geographic sectors with no islands can be biased by the values recorded for the nearest islands.
Extinction Analyses
To calculate the incidence of species extinctions on islands, I compared species occurrences in two time intervals pivoting upon 1960. Species no longer recorded on a given island after 1960 were considered here extinct. I used the year 1960 as pivotal date because the influence of mankind on flora and fauna in Greece, notably on the islands, has never been as strong as during the last forty years (see [25] for details). For each island I calculated the number and percentage of species no longer recovered since 1960 (percentage of extinct species) as measures of species extinction. Then, I studied the influence of the aforementioned geographic and shape parameters on the number of extinct species and the arcsintransformed values of the percentage of extinct species by both pairwise correlations and forward stepwise multiple regressions. To study if extinctions are related to community rarity and vulnerability, I used the Pearson coefficient on arcisntransformed percentages and numbers of extinct species. 14 islands were omitted because they are suspected to be disproportionally undersampled (no species recorded after 1960). In all aforementioned tests a minimum probability level of p<0.05 was accepted (all tests were two-tailed). In accordance with the suggestions of Moran [39] , I did not apply any adjustment of significant levels, but focused on p-values and consistence of results.
RESULTS
Community Rarity and Vulnerability
Indices of community rarity and vulnerability are reported in Table 1 . Significant correlation was found between geographic rarity and population rarity, while habitat exploitation rarity was not correlated with other measures of rarity ( Table 2) .
Kattan index was correlated with all measures of rarity, while number and percentage of extinct species were not correlated with rarity indices. Tables 3-4 . La= latitude (decimal degrees), Lo= longitude (decimal degrees), = geographic rarity, E= habitat rarity, = population rarity, K= Kattan index of vulnerability.
Results of multiple regressions are reported in
Pairwise comparisons by the Pearson product moment correlation coefficient suggested positive dependence of on area (r=0.502, p<0.01), elevation (r=0.557, p<0.001) and perimeter (r=0.426, p<0.05), whilst distance to the mainland correlated negatively (r=-0.479, p<0.01). However, multiple regression analyses showed that index was positively influenced by elevation alone.
The only parameter which affected E was (negatively) CPA (r=-0.383, p<0.05). No variable affected significantly the index by pairwise correlations, whilst negative correlations were found with RCC and CPA in multiple regression.
K was positively correlated with elevation (r=0.379, p<0.05) and negatively with distance to mainland (r=-0.580, p<0.01). These correlations were not recovered by multiple regressions, which found negative correlations with RCC and CPA.
Rarity indices were spatially structured. Some spatial terms (namely Lo 2 , La 2 , Lo 3 ) were retained from backward stepwise regressions for , E, and .
When included in forward stepwise regressions, La 2 and Lo 3 exerted a significant influence on and K indices, while La 2 on index. Only standardized coefficients (± SE) for significant variables (p<0.05) are shown. Degrees of freedom take into account all explanatory variables retained by the stepwise procedure, including those not shown (non-significant variables). logA= area (log-transformed), logEl= elevation (log-transformed), Lo Three-dimensional representations of spatial variations showed for all indices a distinct geographic structure, with sharp decreases along the line that separates the Balkan islands (which were connected or closer to the Balkan peninsula during the Ice Age) from the Anatolian ones (which in the Ice Age were connected to the Anatolian peninsula) (Fig.  2) . Generally speaking rarity peaks were concentrated on Crete, Euboea and some of the Cyclades. In particular, geographic rarity assumed high values for Euboea and the South Aegean Arch (Crete, Rhodos and Karpathos). Habitat exploitation rarity was diffused on some Cyclades, northern islands and south-eastern islands, attaining low values on most of the Cyclades. Population rarity was very high on some of the largest islands and on the South Aegean Arch. Finally, the Kattan index identified two main sectors of rarity: a northwestern sector and a south-western one, with a central valley of low rarity.
Extinction Analyses
Forward stepwise multiple regressions showed a positive influence of area on the number of extinct species (Tables 3-4) . No other significant relationships were found. Pairwise significantly positive correlations were found between number of extinct species and area (r=0.586, p<0.05), elevation (r=0.470, p<0.05) and perimeter (r=0.568, p<0.05). No significant pairwise correlation was found between proportions of extinct species and geographic or shape variables.
DISCUSSION
Factors Affecting Community Richness, Rarity, and Vulnerability
The most important predictors of tenebrionid species richness in the Aegean archipelago are area and habitat diversity, thus suggesting that both area per se and habitat diversity mechanisms are in effect [33] . Several lines of evidence (e.g. lack of relationship between species richness and distance to the mainland, as well as biogeographic relationships among islands) show that the Aegean tenebrionids are a relict fauna [33, 40, 41] . Relict models postulate that present distribution patterns of insular faunas are more dependent on historical factors (like the paleogeographic connections between islands and mainland areas followed by vicariance events) than present conditions (like island distance to the mainland). Spatial patterns of variations in the tenebrionid rarity on the Aegean Islands support this model [26] and this study provides insights into the possible underlying mechanisms. At community level, distributional rarity was positively affected by elevation, suggesting that a greater habitat heterogeneity may determine the occurrence of species which have narrow distributions because they are associated with rare habitats occurring only on the islands with highest habitat diversity. However, as area and elevation are strongly interrelated, this relationship may actually be a reflection of an increasing geographic rarity with increasing area. Islands with larger areas could tend to concentrate rare species possibly because of at least two (not mutually exclusive) reasons: (1) larger islands have more species and, hence, more 'rare species' simply because they are a subsample of the total richness (as demonstrated for the Aegean butterflies, where the number of geographically rare species and that of imperilled species were strictly correlated with species richness [16] ); and (2) larger islands are ecologically more varied, thus harbouring species with narrow distribution because they are ecologically restricted to rare habitats which can occur only on large islands.
Habitat rarity is negatively affected by large perimeterarea ratio values (CPA). Islands with large CPA values are likely to have long coasts but a small 'core' area. Thus we suppose that these islands likely lack those 'inner' habitats (such as forests) which could be essential for some ecologically specialized species.
Population rarity increased with increasing elongation in island shape (inverse correlation with island roundness, RCC). Even though some authors attempted to derive some recommendations about refuge shape from island biogeography theory, the importance of island shape on species diversity has been rarely investigated. However, as a general rule, island shape does not appear to have a substantial role in determining species richness (see [33] and references therein). If anything, available data indicate that there is a slight tendency for elongate islands to have more species than rounded ones do. In particular, for the Aegean area, Simberloff [42] found that the bird richness on the Cyclades is slightly enhanced by elongate shape. Likewise, in contrast with the idea that round shape is preferable for refuges, Aegean tenebrionid richness appeared slightly increased by an elongate island shape [33] . The actual reason why elongation may enhance diversity is difficult to establish, although increasing habitat diversity in elongate areas has been evoked [42] . However, these studies dealt with species richness, not with species vulnerability or ecological characteristics. Results presented here show that a more elongate shape may actually determine an increase in species with small populations. On the other hand, population size rarity is decreased by large perimeter-area ratio values (CPA). It can be postulated that islands with large CPA values are characterized by most prominent edge effects which could favour r-selected species, thus decreasing the number of K-selected species (which are thought to have small populations). Edge environments could be characterized by more instable or severe conditions that favour species with large populations. For example, coastal environments (which cover larger areas on more elongate islands with large CPA values) are mostly inhabited by r-selected species with large populations [18] .
Finally, vulnerability index decreased in remote islands (which have also smaller areas: distance to mainland vs area: r= -0.356, p<0.05) and increased in the highest ones. In equilibrial archipelagos, large islands may act as sources for small and remote islands or can assist species which come from the mainland acting as stepping stones. However, the Aegean tenebrionid fauna is mostly relictual, and this mechanism cannot play a relevant role in determining the relationships between vulnerability and distance and between vulnerability and elevation/area. By contrast, a model of relaxation after saturation appears most probable as an explanation for these relationships. An analysis of the spatial variations of rarity ( Fig. 2; see also [26] ) shows that that geographic rarity increased from the centre of the archipelago to periphery. Islands located at very high or low latitude, which include some of the largest ones, have faunas with small population sizes, while habitat rarity appeared concentrated on small but clumped islands in the centre of the archipelago. Vulnerability index decreased in remote islands, [21] [22] [23] 27, 33] ). Note that because of the uneven distribution of islands in the geographic space, interpolation in some geographic sectors with no islands (notably the south-eastern corner and the northernmost sector) can be biased by the values recorded for the nearest islands. For ease of comparison, a diagrammatic map of the study area has been superimposed on bi-dimensional plots.
which are usually also the smallest. Most of the Aegean remote islands were connected to each other and to the mainland during Pleistocene falls in sea level. Pleistocene island groupings may be considered as large paleoislands that were species-satured. When these groupings were again fragmented, the resulting islands retained only some of the species which composed the original fauna, a process known as relaxation, whilst major islands, as well as those which were connected to the mainland, were less affected by this phenomenon, being able to conserve a more complete fauna. During relaxation, species with small population size were presumably more affected by extinction, and the resulting fauna was mostly dominated by species with higher population density. Thus, remote small islands retained generally the most common (less vulnerable) species, rare species surviving mostly on the larger islands, although ecologically specialized species can be concentrated on some small islands, if they are associated with peculiar but locally common habitats (e.g. sand-dwelling species, which are highly specialized for a type of habitat which is common on small islands [18] ). This model is also confirmed by the fact that endemic species or subspecies restricted to remote small islands actually belong to genera or species groups widely distributed in the archipelago (e.g. Dailognatha, Dendarus, Stenosis, Colpotus, etc.). It can be supposed that during Pleistocene regressions the ancestors of these taxa were largely distributed on the islands as common species. These ancestors survived relaxation, but, as a consequence of isolation, evolved in new taxa. This model may explain why the most restricted species/subspecies actually belong to widely distributed taxa.
As to the increasing vulnerability with elevation, it may be related to the fact that elevation is correlated with island area and expresses habitat heterogeneity [21, 33] . Thus, islands with greater elevation possess faunas with greater vulnerability, possibly because these islands are those which were less affected by relaxation, retaining a larger number of specialized, restricted and less abundant (and therefore more vulnerable) species, which in contrast disappeared from other islands.
This historical reconstruction clearly shows how important are relict faunas because of their irreplaceability. In equilibrial faunas, locally extinct species can be replaced by new species. By contrast, in non-equilibrial faunas, communities are the result of ancient processes of colonization and speciation, so that extinct species cannot be replaced by new immigrants.
Extinction Analyses
A disproportionate percentage of tenebrionid species loss during the last 50 years has occurred on the Aegean Islands. Although some species could be erroneously considered as being extinct because of lack of research, the emerging patterns clearly show an impressive decline, especially during the last years [19] .
Crowell [12] suggested that because species richness varies directly with area, absolute extinction will increase with area, while relative extinction will decrease with area. Actually, absolute extinction of tenebrionid species on the Aegean islands varied directly with area (as well as with other variables which correlate positively with richness such as elevation and perimeter), but percentage of extinct species was apparently not influenced by any island characteristics. This seems to contrast with the generalized idea that island populations are more prone to extinction because of the small area available and because they are more subject to demographic stochasticity and random climatic events (e.g. [2, 8] ). However, such factors are expected to influence equilibrial archipelagos. In non-equilibrial, relictual biotas, communities are composed of species which survived long time as the remains of ancient (and broader) faunas. These relict communities are not expected to be so profoundly subject to the present geographical factors which mould equilibrial faunas. Obviously, island characteristics, like area or elevation, may have exerted an important role in the process of relaxation after saturation during the late Pleistocene. But after this process ended, the relict faunas remained substantially unchanged until recent times. So profound changes in faunal composition like those which occurred in recent times on the Aegean Islands were not necessarily determined by island characteristics, but have to be referred to human activities which modified habitat characteristics (see [14, 15, 18, 19, 25] ).
CONCLUSIONS
The Aegean Islands are an important biogeographic crossroad, where Balkan and Anatolian elements overlap (e.g. [21, 28] ), making this archipelago of great biogeographic interest and one of the best studied in the Mediterranean (see [15, 16, 22, [43] [44] [45] [46] [47] , and references therein). It is, therefore, surprising that little attention has focused on potential threats to island biotas of this archipelago, the only two relevant researches involving a large number of animal species being those of Sfenthourakis and Legakis [15] and Troumbis and Dimitrakopoulos [14] . Sfenthourakis and Legakis [15] discussed in detail the importance of some Aegean Islands for endemic taxa of invertebrate groups like isopods, land snails, grasshoppers, carabid beetles and tenebrionid beetles. On the other hand, Troumbis and Dimitrakopoulos [14] , using data for threatened birds, mammals and vascular plants, identified a number of 'threatspots', which overlap to a substantial degree with some island hotspots of invertebrates. Although these studies did not provide evidence of extinctions, it is likely that most of the threatened species disappeared or are near extinction. For tenebrionids several species were not recorded in recent time and have likely disappeared, at least from certain islands. Because humans continue to alter and fragment habitats, significant numbers of extinctions in the next few decades will continue to occur on islands. Thus, two problems arise: (1) to locate the islands which have, per se, a more exclusive or potentially threatened fauna; and (2) to determine the factors making these islands so 'vulnerable'.
Although analyses based on the presence of threatened or endemic species may represent an important tool, a more comprehensive approach should include an evaluation of community rarity from a multidimensional perspective. For these reasons, I attempted to rank the Aegean Islands under different measures of tenebrionid community rarity (geographic distribution, habitat exploitation, population size) searching for the possible factors (island geography and shape) underlying the patterns.
In constructing a multidimensional representation of species rarity, in this study each species was scored with respect to geographic distribution, population size, and habitat exploitation. However, because of the lack of detailed data, estimates of population size and habitat exploitation were obtained from areal analysis. These measures were adopted as the best available approach to take into account different measures of rarity, but they should be considered with great caution as proxies of true values of species abundance and habitat specialization. It is important to assess if the three measures of species rarity used here can be interrelated simply due to little independence between calculation methods. Species with low population density could be undetected on islands where they actually occur because they are more difficult to be sampled than more abundant species. If abundant species are more likely to be detected, species density (calculated as contactability) and distribution measures could be correlated simply because of this detection problem. On the other hand, a species distributed on several islands should be easier to be collected. Thus, if the area occupied by each species is also going to determine its contactability, species with wider range could have higher contactability values. In fact, the Aegean tenebrionids include both species which are distributed in one or few islands, but that can be very abundant (and hence easily contacted) here (e.g. Asida fairmairei, Dendarus foraminosus, Pimelia minos, Probaticus euboeicus, Tentyria grossa grossa), and others which are distributed on several islands but rarely sampled (e.g. Akis elongata, Idastrandiella allardi, Nalassus plebejus, Probaticus tenebricosus).
Geographic distribution and potential habitat exploitation could be interrelated simply because species occurring on more islands are necessarily distributed over larger areas. However, the Aegean tenebrionids include both species distributed on several small islands (with large geographic distribution but small potential habitat exploitation, such as Dailognatha hellenica, D. quadricollis obtusangula, Eutagenia smyrnensis) and species distributed on few but large islands (with small geographic distribution and large potential habitat exploitation, such as Blaps cretensis, B. oertzeni, Cossyphus tauricus, Cylindronotus cretensis). Thus the measures of species rarity used here are not necessarily redundant, although they can be statistically correlated [25] .
On the basis of the approach described in this paper, the Aegean tenebrionid fauna should be regarded as an assortment of communities of high conservation concern because of their irreplaceability, as a consequence of a relictual origin. This insular fauna (mostly composed of flightless species) originated by historical land-bridge connections, and present immigration is negligible because most of the species are unable to cross sea barriers [19, 21, 33, 40] .
Thus, in contrast with equilibrial faunas, species extinctions cannot be compensated by new immigrants. Since present geography does not significantly influence this fauna [33] , it is not surprising that the aforementioned measures of community rarity were scarcely affected by present island features.
This study clearly shows that the tenebrionid beetles on the Aegean Islands, one of the most important invertebrate component of the Aegean fauna in terms of species richness and levels of endemism [15, 18] , constitute threatened faunal assemblages of great 'rarity' under several dimensions, and some islands are especially rich in rare species, deserving further attention in conservation efforts.
Although rarity analyses such as those developed here may provide useful insights into conservation actions, rarity per se is only one factor which may predispose a species to extinction. For conservation purposes, other factors, like proximity to locations of high human density, certain lifehistory traits like low reproductive rate, geographic location, and high trophic level may predispose a species to high extinction risk [29] and, therefore, could be considered in addition to rarity measures. However, rarity analyses such as those discussed here, may be a first step to identify communities on which further research should be focussed.
